Tenascin-C (TN-C) is a component of the extracellular matrix (ECM). It is expressed during development and re-expressed in many types of cancers, where it is involved in the modulation of adhesion and proliferation. TN-C expression is especially high at sites of epithelial mesenchymal transition (EMT), which are found frequently at the invasion front of well-differentiated human colorectal adenocarcinomas. Tumor cells in this compartment are characterized by a strong nuclear expression of the oncogenic transcription factor b-catenin. Here, we demonstrate that TN-C is a b-catenin target gene in human colorectal tumors. Thus, by far the most common mutations in colorectal tumors, found in the Wnt-signaling pathway and leading to the stabilizing of b-catenin, might influence invasion by altering adhesive properties and EMT of tumor cells.
Stabilization of b-catenin by mutation of elements of the Wnt-signaling pathway is a hallmark in the majority of colorectal tumors (Bienz and Clevers, 2000) . b-Catenin has different functional roles depending on its subcellular localization. At the membrane, b-catenin is an integral part of adherens junctions linking E-cadherin via a-catenin to the b-actin cytoskeleton. In this context, b-catenin thus induces an epithelial phenotype in colorectal cells (Ben-Ze'ev and Geiger, 1998) . In the nucleus, b-catenin functions as a transcription factor in conjunction with one of the DNA-binding factors of the T-cell factor (TCF)/lymphoid enhancer factor (LEF-1) family (Bienz and Clevers, 2000) . In this context, b-catenin thus induces the expression of genes that are involved in proliferation as well as a variety of tumor-promoting processes like invasion (Brabletz et al., 2002) or epithelial-mesenchymal transition (EMT) (Brembeck et al., 2004) . Both membranous and nuclear localization of b-catenin are found in most well-differentiated human colorectal adenocarcinomas at the same time but in two different compartments (Brabletz et al., 1998) . Tumor cells in the compartment invasion front display strong nuclear b-catenin, which is paralleled by the strong expression of b-catenin target genes and an epithelio-mesenchymal transition (EMT). The EMT is characterized by the expression of fibronectin and vimentin and the absence of E-Cadherin at the same time. In contrast, most tumor cells in the compartment central tumor area display membranous localized bcatenin together with epithelial differentiation .
The hexameric glycoprotein tenascin-C (TN-C) or hexabrachion is a component of the extracellular matrix (ECM). Strong expression of TN-C occurs during development, starting at gastrulation. In contrast, in adult normal tissues, TN-C is expressed seldom, but consistently, during wound-healing and in a variety of neoplasias in regions associated with EMT. TN-C promotes proliferation and detachment of cells from the ECM and thus induces cell motility (Jones and Jones, 2000) . In colorectal tumors, an increase in the expression of TN-C was found from adenomas to carcinomas (Hanamura et al., 1997) . Moreover, in many tumors, TN-C expression correlated with invasiveness and malignancy and was thus argued to be an indicator of poor prognosis (Chiquet-Ehrismann and Chiquet, 2003) .
As pointed out both b-catenin and TN-C are involved in the processes of EMT and gastrulation (Kodjabachian et al., 1999; Jones and Jones, 2000) . Furthermore, EMT of tumor cells and a morphology reminiscent of gastrulation are found associated with nuclear expression of b-catenin at the invasion front of many colorectal tumors (Kirchner and Brabletz, 2000; Brabletz et al., 2001) . Thus, we hypothesized that b-catenin might induce the expression of TN-C in colorectal tumors. To verify this hypothesis, we investigated, firstly, the protein expression patterns of b-catenin and TN-C in well-differentiated colorectal adenocarcinomas displaying EMT and strong nuclear b-catenin expression in tumor cells at the invasion front. A strong TN-C expression was found (Figure 1a patients (archive of our Institute) were immunohistochemically stained as has been described Hiendlmeyer et al., 2004) . Briefly, for antigen retrieval, sections were heated for 20 min in Target Retrieval Solution, Citrate pH 6 (DAKO, Germany) using a pressure cooker. Slides were then incubated together with primary antibodies specific for TN-C (NC-TENAS-C, 1 : 50; Novocastra, Germany) or b-catenin (clone 14, 1 : 200; BD Transduction Laboratories, Germany) overnight at 41C, followed by a 30-min incubation in the presence of biotinylated rabbit-anti-mouse antibody (1 : 50; DAKO, Hamburg, Germany) and a subsequent 20-min incubation period using strepatavidin-alkaline phosphatase (DAKO, Germany) following the user's manual. After washing and developing for 12 min at 371C using Fast Red (Sigma, Germany the slides were counterstained using Meyer's hemalum (Merck, Germany) and coversliped. Finally, the expression patterns of TN-C and nuclear b-catenin were compared. Results were photographically documented using a digital photo-device (AnalySis, Germany). Expression of ( Cultured human colorectal tumor cell lines express TN-C mRNA. After preparing total RNA from the indicated colorectal tumor cell lines using RNeasy Mini kits (Qiagen, Germany), 500 ng RNA was reverse transcribed using random hexamer primers (MBI Fermentas, Germany) in the presence (RT þ ) or absence (RTÀ) of Superscript III (Invitrogen, The Netherlands) followed by a subsequent RNase H (Invitrogen, The Netherlands) treatment applying the instructions given in the respective user's manual. A total of 30 ng of cDNA (RT þ ) or RNA (RTÀ) and 150 ng of genomic DNA (genomic) or water (+) as negative controls were amplified (2 min at 951C; 35 cycles: 20 s at 951C, 20 s at 601C, 20 s at 721C; 2 min at 721C) using intron spanning primer pairs specific for the TN-C (GGTACAGTGGGACAGCAGGTG, GAGAAGGAT CTGCCATTGTGG) or b-actin gene (TTGCGGATGTCCACG TCA, GCCCTGAGGCACTCTTCCA) in the presence of 1.5 mM MgCl 2 and 1 U Platinum Taq-Polymerase (Invitrogen, The Netherlands). (Figure 2a, RT þ ) . As the signal intensities of the PCR products specific for the housekeeping gene b-actin were comparable for all cell lines investigated (Figure 2b , RT þ ), the results obtained for the expression of TN-C were taken to be specific and comparable. Thus, some, but not all, cultured colorectal epithelial tumor cells express TN-C, although all cell lines are characterized by an activated Wnt-signaling pathway due to mutations in the tumorsuppressor gene adenomatous polyposis coli (APC) or the oncogene bcatenin (Rowan et al., 2000) . This discrepancy might be due to differences in the activity of the Wnt-signaling pathway in different colorectal cell lines (Rosin-Arbesfeld et al., 2003) or to a context-specific activation of the TN-C gene, which also depends on the presence of Ets, SP1 and other transcription factors (Shirasaki et al., 1999; Jones and Jones, 2000) . This behavior might also be an explanation for the loss or absence of TN-C expression in the ECM (Figure 1c ) surrounding tumor cells displaying low or no amounts of b-catenin in their nuclei (Figure 1d) . Fifthly, we knocked-down the expression of b-catenin by transfecting b-catenin-specific siRNA into the TN-C expressing colorectal tumor cell lines DLD-1, LoVo or LS174T. As expected, RNA interference resulted in a reduction of b-catenin specific mRNA to residual amounts of about 20% in all three cell lines (Figure 3, b-cat) . The steady-state levels of the mRNA of the b-catenin target genes c-myc (He et al., 1998) and Cyclin D 1 (Tetsu and McCormick, 1999) were only slightly reduced in DLD-1 (c-myc: 53%, Cyclin D 1 : 85%; Figure 3 (Verma et al., 2003) or GFP (AAGCUACCUGUUCCAUGGCCAdTdT) as a control were transiently transfected into DLD-1, Lovo or LS174T cells. The cells were seeded in 12-cluster well plates at 20% confluency and transiently transfected 24 h later using 100 pmol siRNA and 2 ml Oligofectamine (Invitrogen, The Netherlands) following the user's instructions. Cells were harvested 48 h after transfection and total RNA was prepared and reverse transcribed as has been described above. cDNA and RNA were analysed twice in duplicates employing real-time PCR (Applied Biosystems Sequence Detector 7700, Germany) together with iQ Taq SYBR Green Supermix with ROX kits (Biorad, Germany) and intron spanning primer pairs specific for b-catenin (900 nM CTTGGACTGAGACT GCTGATCTTG, 900 nM CACCAGAGTGAAAAGAACGATA GCTA), c-myc (300 nM GTGCTCCATGAGGAGACAC, 300 nM CCTCTTTTCCACAGAAACAACATC), Ets-2 (300 nM GTCCC TGTTTGCTGTTTTTCCT, 50 nM GGCGGAGTCATGAGAAA TGG) or TN-C mRNA (300 nM GGTACAGTGGGACAGCAG GTG, 50 nM GAGAAGGATCTGCCATTGTGG) following the user's instructions. The expression level of several housekeeping genes was determined using primer pairs specific for b-actin (300 nM TTGCGGATGTCCACGTCA, 300 nM GCCCTGAGGC ACTCTTCCA), HRPTI (hypoxanthin-phosphoribosyl-transferase I; 300 nM TGACACTGGCAAAACAATGCA, 300 nM GGTCCTTT TCACCAGCAAGCT), RPLI3A (ribosomal protein LI3a; 300 nM CCTGGAGGAGAAGAGGAAAGAGA, 300 nM TTGAGGACC TCTGTGTATTTGTCAA), YWHAZ mRNA (tyrosine 3-monooxygenase/tryptophan 5-mono-oxygenase activation protein, x-Polypeptide; 300 nM ACTTTTGGTACATTGTGGCTTCAA, 300 nM CCGCCAGGACAAACCAGTAT). Relative copy numbers for b-catenin, cyclin D 1 , c-myc, Ets-2 and TN-C mRNA were calculated. Therefore, the resulting copy numbers from the realtime PCR experiments were firstly normalized to the corresponding geometric mean values of the house keeping genes b-actin, HPRT, RPLI3A and YWHAZ. Then, normalized values resulting from b-catenin-specific siRNA experiments were referred to those from GFP specific knockdown experiments giving rise to relative copy numbers. The resulting copy numbers using RNA (reverse transcription without Superscript III) as a template were always less than 5% of the corresponding cDNA specific values (data not shown) b-Catenin regulates tenascin-C expression K Beiter et al TN-C). It was described that the expression of Ets-2 is regulated by Wnt-signaling (Barker et al., 2001) and that Ets induces the transactivation of TN-C-gene expression (Shirasaki et al., 1999) . Thus, the observed decrease in TN-C expression after knocking down b-catenin might occur indirectly via decreasing Ets-2 expression. Therefore, we investigated the steady-state level of ets mRNA, which was nearly unaffected in our experimental setting (DLD-1: 113%, Lovo: 89%, LS174T: 144%; Figure 3 , Ets). Thus, b-catenin is presumably directly involved in the transcriptional regulation of TN-C in colorectal tumor cells. Finally, we investigated if b-catenin was associated with the TBEs of the TN-C gene in the native chromatin. Therefore, we carried out chromatin immune precipitation (ChIP) using chromatin from the colorectal carcinoma cell lines DLD-1 and LS174T employing antibodies specific for b-catenin or transcription factor II B (TFIIB) and immunoglobulins (IgGs) as controls. Primer pairs spanning either TBE1 or TBE2 of the TN-C promoter/enhancer the TBE2of the c-myc promoter/ enhancer, (He et al., 1998) , the TATA-box of the GAPDH (glycerol aldehyde-3-phosphate dehydrogenase) promoter/enhancer or an intronic region of the chromosome condensation-related SMC-associated protein (CNAPI) gene were used for the PCR read out. b-Catenin-specific antibodies precipitated chromatin containing the TBEs of the TN-C and c-myc genes in both DLD-1 and LS174T cells (Figure 4a , b, TN-C TBE1, TN-C TBE2, c-myc -b-cat) but not the TATAbox of the GAPDH-gene (Figure 4b , GAPDH -b-cat).
Using TFIIB-specific antibodies the result was vice versa (Figure 4b , TN-C TBE1, c-myc, GAPDH -TFIIB). Unspecific antibodies (IgG) neither precipitated TBE nor TATA-box containing chromatin (Figure 4a , b, TN-C TBE1, TN-C TBE2, c-myc, GAPDH -IgG). Moreover, the three antibodies used here did not differ with respect to unspecific chromatin binding, which was indicated by comparable amounts of PCR products resulting from CNAPI-specific PCRs (Figure 4a , b, CNAPI -b-cat, IgG, TFIIB). Thus, the obtained results of the ChIP experiments were taken to be specific. Therefore, b-catenin specifically binds chromatin of the TN-C gene harboring the TBEs presumably via the TBE binding protein TCF-4, which was shown to be the relevant factor of the TCF/LEF-1 family expressed in colorectal tissue (Barker et al., 1999) . Taken together, we show evidence that the expression of TN-C is directly regulated by b-catenin in colorectal cancer. Thus, b-catenin might influence, via TN-C expression, the process of EMT and the modification of the adherence of colorectal cancer cells. Both processes might contribute to invasion and metastasis. b-Catenin was already shown to influence growth (c-myc, cyclin D 1 , PPARd), survival (MDR1, survivin), dedifferentiation (CDX-1, Id-2, ENK1), proteolysis (MMP-7, uPA-R, uPA), migration (laminin-5 g2), angiogenesis (VEGF), dissemination (CD44) (Brabletz et al., 2002; Hiendlmeyer et al., 2004) all from Invitrogen, The Netherlands) using ChIP-It kits (Active motif, Belgium) following the user's instructions. Chromatin was fragmented to approximately 600 bp fragments (data not shown) using an ultrasonic device (Braun Melsungen, Germany). The fragmented chromatin was then incubated together with 1 mg each of antibodies specific for b-catenin (clone 14; BD Transduction Laboratories, Germany), TFIIB (Active motif, Belgium) or IgG (St Cruz, Germany) and precipitated using ChIP-It kits according to the user's manual. Primer pairs flanking both TBEs of the TN-C promoter/enhancer (TBE1: CATTTAATATTGAAAAT AAGTGATAATTGAGACC, GGAAAATATATTTATTTGCT CCATAAAG; TBE2: CAAAAAGCTACTGCCCTGCAG, GGA GCCAGCCTTGCCC), the TBE2 of the c-myc promoter/enhance (TCTCCCTGGGACTCTTGATCA, TTTGACAAACCGCATC CTTGT), the TATA-box of the GAPDH gene (GCGCCCCCGG TTTCT, CCTAGCCTCCCGGGTTTC) or an intronic region of the CNAPI gene (chromosome condensation-related SMC-associated protein) (ATGGTTGCCACTGGGGATCT, TGCCAAAG CCTAGGGGAAGA) were employed for the PCR read out. Therefore, one-fortieth of the chromatin input (INPUT) or onefifth of the respective antibody specific chromatin precipitation reactions or water as a negative control (+) were used as templates and amplified in PCRs (2 min 951C; 35 cycles: 20 s 951C, 20 s 60 C, 20 s 721C; 2 min 721C). PCR products were separated using 4% (w/v) 0.5 Â TBE agarose gels in the presence of 1 ng/ml ethidiumbromide b-Catenin regulates tenascin-C expression K Beiter et al
